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© The flow rate of a control valve can be controlled 
continuously while preventing the working liquid from 
leaking when the control valve is open. A piston (12) 
is accommodated slidably in the axial direction in a 
case (11) which is provided with a first port (13) and 
^ a second port (16). The piston (12) is biased by an 
^ electromagnet (20). Between the first port (13) and a 
tf> first liquid chamber (A), there is provided a first 
^J" switch valve (14B) having a valve seat (14C) which is 
open to the first liquid chamber (A) and faces one 
O end of the piston (12), and a valve element (14B) 
which is interlocked with the axial displacement of 
O tne Piston (12). seated on and separated from the 
valve seat, operated for communication of the first 
m port (13) with the first liquid chamber (A) and for 
isolation therebetween. An orifice (15) is provided in 
the liquid path so as to allow the first liquid chamber 



(A) to communicate with the second liquid chamber 

(B) . 

Fig. 1 
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FIELD OF APPLICATION IN INDUSTRY 

The present invention relates to a flow control 
valve and control method therefor, and makes pos- 
sible both the prevention of leakage of hydraulic 
fluid when the valve is closed and continuous flow 
control in a flow control valve for a car-borne hy- 
draulic apparatus for steering, suspension or the 
like, and especially in a flow control valve suitable 
for use in the brake hydraulic control system of an 
anti-lock hydraulic control system or such like. 

DESCRIPTION OF THE RELATED ARTS 

Various conventional flow control valves suit- 
able for the hydraulic apparatus of a brake hydrau- 
lic control system have been provided, and the 
present applicant, for example, proposes a flow 
control valve of this kind in Japanese Laid-Open 
Patent Application Nos. 3-90462, 3-223578 and 3- 
234987. 

Fig. 8 shows an example of the flow control 
valve described in Japanese Laid-Open Patent Ap- 
plication No. 3-90462. 

In this flow control valve, a piston 2 is freely 
slidably disposed in a housing 1, and a first fluid 
chamber A and a second fluid chamber B are 
respectively provided between each end portion of 
the piston 2 and housing 1. A conduit 2B with an 
orifice 2A is provided axially in the piston 2, and a 
surface passage 2C connected to the conduit 2B is 
provided in the circumferential surface of the piston 
2. In addition, the piston 2 is urged in an axial 
direction by a spring 3 and electromagnet 4. Fur- 
thermore, an inlet port 1A connected to the conduit 
2B by the surface passage 2C and an outlet port 
1B connected to the second liquid chamber B are 
provided in the housing 1. 

The flow rate through the orifice 2A is deter- 
mined by the differential pressure on either side of 
the orifice connecting the first fluid chamber A and 
second fluid chamber B, and the differential pres- 
sure is determined by the urging force of the 
spring 3 and electromagnet 4 against the piston 2. 
A closing valve which connects and isolates the 
inlet port 1A and surface passage 2C is formed by 
the sliding of the piston 2 in the housing 1 , and the 
differential pressure on either side of the orifice 2A 
is maintained by this closing valve. Consequently, 
the flow rate of hydraulic fluid flowing from the inlet 
port 1A to the outlet port 1B can be continually 
adjusted in the flow control valve by adjusting the 
electric current applied to the electromagnet 4 so 
as to change the urging force that acts against the 
piston 2. 

In addition, although in this flow control valve 
the fluid pressure of the outlet port 1 B acts in the 
direction of the axis of the piston 2, the fluid 



pressure of the inlet port 1A acts via the closing 
valve formed by the inlet port 1A and the surface 
passage 2C formed on the circumferential surface 
of the piston 12, and so does not exert an axial 

5 force against the piston 2. The following Formula 
(1) for differential pressure Pa - Pb on either side 
of the orifice 2A maintained by the action of the 
closing valve is thus formed, where Pa is the 
pressure of the first liquid chamber A, Pb is the 

io pressure of the second liquid chamber B, f is the 
urging force of the spring, F is the urging force of 
the electromagnet, and A is the sectional area of 
the piston: 

75 Pa - Pb = (f - F)/A (1) 

As Formula (1) indicates, differential pressure 
Pa - Pb on either side of the orifice 2A bears no 
relation to the fluid pressure of the inlet port 1A 

20 and outlet port 1B in the flow control valve, and is 
determined solely by the urging forces f and F, and 
the sectional area A. A flow rate proportional to the 
square root of the differential pressure passes 
through the orifice 2A. Namely, the flow control 

25 valve has an effect (pressure compensation effect) 
which makes it possible to control the flow rate 
regardless of input fluid pressure and output fluid 
pressure. 

When the urging force F of the electromagnet 

30 4 is set higher, the discharge port 1C in Fig. 8 
forms a closing valve with the surface passage 2C, 
and hydraulic fluid with a flow rate corresponding 
to the urging force F flows from the inlet port 1 A to 
the discharge port 1 C. 

35 However, as in the above conventional flow 

control valve a closing valve is formed by the 
surface passage 2C in the piston 2 and the inlet 
port 1A in the housing 1 so as to obtain a pressure 
compensation effect, there is a leakage channel, 

40 shown by X in Fig. 8, which connects the inlet port 
1A and outlet port 1B via the sliding surface of the 
piston 2, even when the closing valve is in a closed 
state (i.e. when the inlet port 1A and surface pas- 
sage 2C are not connected). Although the channel 

45 is extremely small, it is impossible to prevent the 
leakage of hydraulic fluid therethrough. 

This leakage of hydraulic fluid makes it ex- 
tremely difficult to apply this flow control valve to 
uses which require that the slightest leakage when 

so the valve is closed be prevented, such as the 
discharge valve in an anti-lock brake system. 

An addition to the flow control valve with a 
pressure compensation effect, an on/off-type elec- 
tromagnetic switching valve which only works fully 

55 open and fully closed has been provided. The 
problem of hydraulic fluid leakage when the valve 
is closed does not arise with this electromagnetic 
switching valve, but there are limits to the degree 
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to which smooth and continuous flow control and 
fine control can be effected, as only full opening 
and full closing are effected. 

SUMMARY OF THE INVENTION 

The object of the present invention is to solve 
the aforementioned problems with conventional 
flow control valves, and to provide a flow control 
valve which can continuously control the flow rate 
without hydraulic fluid leakage occurring when the 
valve is closed. 

In accomplishing these and other objects of the 
present invention, there is provided a flow control 
valve comprising: a housing provided with at least 
a first port and a second port; an axially slidable 
piston housed in the housing; a first fluid chamber 
formed between one end portion of the piston and 
the housing; a second fluid chamber formed be- 
tween the other end portion of the piston and the 
housing, and connected to the second port; a con- 
duit connecting the first fluid chamber and second 
fluid chamber; an orifice provided in the conduit; an 
urging means for urging the piston in an axial 
direction; and a first closing valve disposed be- 
tween the first port and first fluid chamber, with a 
valve seat portion opened in the first fluid chamber 
opposite one end portion of the piston and a valve 
body which is seated in and separated from the 
valve seat portion in accordance with the axial 
displacement of the piston, for connecting and iso- 
lating the first port and first fluid chamber, wherein 
the hydraulic force acting on the piston due to the 
differential pressure generated between the first 
fluid chamber and second fluid chamber by the 
flow rate passing through the orifice acts in such a 
direction that the valve body of the first closing 
valve is seated in the seating portion. 

A poppet valve with a spherical valve body and 
a seating spring which elastically urges in such a 
direction that the valve body is seated in the valve 
seat portion is best used for the first closing valve. 

When a third port is disposed in the housing 
and the first closing valve is in a closed state, a 
second closing valve which opens and closes in 
accordance with the axial displacement of the pis- 
ton may be provided for connecting and isolating 
the third port and first fluid chamber. 

A bypass conduit connecting the first fluid 
chamber and second fluid chamber may be pro- 
vided parallel to the conduit, together with a relief 
valve in the bypass conduit which opens when 
differential pressure between the first fluid chamber 
and second chamber exceeds a set value. 

It is preferable that at least one of the urging 
force of the urging means against the piston or the 
flow-rate sectional area of the orifice be adjustable. 



In addition, a differential pressure detecting 
means for detecting the differential pressure be- 
tween the first port and second port is provided in 
the flow control valve according to the present 

5 invention. The present invention provides a control 
method for a flow control valve according to which 
at least one of the urging force of the urging means 
against the piston or the flow-rate sectional area of 
the orifice is controlled in accordance with the 

io controlled variable found as a function of the dif- 
ferential pressure detected by the differential pres- 
sure detecting means and the desired flow rate. 

By constructing the flow control valve of the 
present invention as described above, it is possible 

is to prevent the leakage of hydraulic fluid when the 
first closing valve is closed, as the first closing 
valve which connects and isolates the first port and 
first fluid chamber is provided with a valve body 
which sits in and separates from the valve seat 

20 portion in accordance with the axial displacement 
of the piston. It is also possible to continuously 
control the rate of flow of hydraulic fluid between 
the first port and second port by adjusting the 
urging force of the urging means against the piston 

25 and the flow-rate sectional area of the orifice. 

In addition, when a third port is provided in a 
housing with a second closing valve for connecting 
and isolating the third port and first fluid chamber 
in accordance with the displacement of the piston, 

30 it is possible to not only control the flow rate 
between the first port and second port, but also to 
control the flow rate between the third port and the 
first port or second port. The flow control valve 
according to the present invention can thus be 

35 used as a "dual-effect" flow control valve. 

Furthermore, it is possible to increase the flow 
rate when a bypass conduit and relief valve are 
provided, as hydraulic fluid flows through the by- 
pass conduit without going through the orifice when 

40 the differential pressure between the first fluid 
chamber and second fluid chamber exceeds a set 
value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a side sectional view showing a flow 
control valve in a first embodiment of the present 
invention. 

Fig. 2 is a side sectional view showing a flow 
so control valve in a second embodiment of the 
present invention. 

Fig. 3 is a schema of an anti-lock brake system 
using the flow control valve according to the 
present invention. 
55 Fig. 4 is a schema of an electronic control 

brake booster using the flow control valve accord- 
ing to the present invention. 
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Fig. 5 is a side sectional view showing a dual- 
effect type hydraulic control system in a third em- 
bodiment of the present invention. 

Fig. 6 is a side sectional view showing a modi- 
fication of the third embodiment. 

Fig. 7 is a side sectional view showing a flow 
control valve in a fourth embodiment of the present 
invention. 

Fig. 8 is a side sectional view showing an 
example of a conventional flow control valve. 

PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

The following is a detailed description of the 
present invention based on the embodiments 
shown in the drawings, although the present inven- 
tion is not thus limited to these embodiments. 

First Embodiment 

In the flow control valve 10-1 in a first embodi- 
ment of the present invention shown in Fig. 1, an 
axially slidable piston 12 is housed in an almost 
liquidtight state within a housing 11 provided with a 
first port 13. which forms an input opening, and a 
second port 16. which forms an output opening. In 
addition, a first fluid chamber A is formed between 
one end portion of the piston 12 and the housing 
1 1 , and a second fluid chamber B connected to the 
second port 16 is formed between the other end 
portion of the piston 12 and the housing 11. 

A conduit 12A connecting the first fluid cham- 
ber A and second fluid chamber B to each other by 
the orifice 15 is provided through the piston 12. A 
pushrod portion 12B for opening the closing valve 
14 described below is disposed protruding from the 
end portion of the piston 12 on the side of the first 
fluid chamber A, and a piston drive element 12C is 
disposed protruding from the end portion of the 
piston 12 on the side of the second fluid chamber 
B. 

A spring 18 for maintaining the piston 12 in its 
initial position by urging the piston 12 axially right- 
wards in the figure is disposed contracted in the 
first fluid chamber A, and an electromagnet 20 
which constitutes the urging means is disposed on 
the side of the second fluid chamber B in the 
housing 11. The piston drive element 12C is in- 
serted into the electromagnet 20 so that when an 
electric current is applied, the piston 12 is urged 
axially leftwards in the figure in accordance with 
the electric current. When the electric current ap- 
plied to the electromagnet 20 is 0 and no urging 
force is applied against the piston 12 by the elec- 
tromagnet 20, the piston 12 is maintained in its 
initial position by the urging force of the spring 18, 
as shown in Fig. 1 . 



As the urging force of the spring 18 diminishes 
the output of the electromagnet 20, the urging 
force should be set at the minimum required to 
maintain the piston 12 in its initial position when 

5 the electromagnet 20 is not on. 

A first closing valve 14 for connecting and 
isolating the first port 13 and first fluid chamber A 
is provided between the first port 13 and first fluid 
chamber A. The first closing valve 14 is a poppet 

io valve comprising a seating spring 14A, a spherical 
valve body 14B, and a valve seat portion 14C 
opened in the first fluid chamber A opposite the 
end portion of the piston 12. 

The valve body 14B is elastically pressed from 

15 the left in the figure rightwards into the valve seat 
portion 14C by the seating spring 14A, so that 
when in this closed state, the first port 13 and the 
first fluid chamber A are isolated from each other. 
In addition, the valve body 14B is pushed leftwards 

20 in the figure by the pushrod portion 12B when the 
piston 12 is displaced leftwards in the figure so as 
to resist the urging force of the seating spring 14A 
and open the valve. The first port 13 and the first 
fluid chamber A are thus connected. 

25 A bypass conduit 31 connecting the first fluid 

chamber A and the second fluid chamber B to 
each other is disposed in the housing 1 1 parallel to 
the conduit 12A. A relief valve 33 is provided in the 
bypass conduit 31 . 

30 The relief valve 33 comprises a spherical valve 

body 33B which is elastically urged leftwards in the 
figure by the seating spring 33A against the valve 
seat portion 33C. When the fluid pressure of the 
first fluid chamber A exceeds the fluid pressure of 

35 the second fluid chamber B by a set value, the 
valve body 33B resists the urging force of the 
seating spring 33A and separates from the valve 
seat portion 33C, thus opening the valve. 

In the flow control valve in the first embodi- 

40 ment, where the effective sectional area of the seal 
portion of the first closing valve 14 is a, the sec- 
tional area of the piston 12 is A, the fluid pressure 
of the first port 13 is Pi, the fluid pressure of the 
first fluid chamber A is Pa, the fluid pressure of the 

45 second fluid chamber B and second port 16 is Pb, 
the urging force of the electromagnet 20 is F 
(disregarding the very weak urging force of the 
seating spring for maintaining the valve body of the 
check valve 14), the piston is displaced axially 

50 leftwards so that the closing valve 14 opens when 
the rightward axial force acting on the piston 12 is 
greater than the leftward axial force. Accordingly, 
the closing valve 14 opens when Formula (2) is 
formed: 

55 

F - f + Pb x A - Pa x (A - a) > Pi x a (2) 
A transformation of Formula (2) produces: 
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(Pa - Pb) < (F - F - (Pi - Pb) x a) / (A - a) (3) 

When Formula (3) is formed, the piston 12 is 
displaced leftwards in the figure, and the first clos- 
ing valve 14 is opened by the pushing motion of 
the pushrod 12B. Hydraulic fluid flows from the first 
port 13 to the first fluid chamber A via the orifice 
15 due to the opening of the first closing valve. The 
fluid pressure Pa of the first fluid chamber A is 
increased by the flow of hydraulic fluid through the 
first closing valve 14, and hydraulic force acting 
rightwards in the figure (in a direction so as to seat 
the valve body 14B) thus acts on piston 12 by 
means of the differential pressure between the first 
fluid chamber A and second fluid chamber B. 

When fluid pressure Pa increases, Formula (3) 
is no longer formed, and the piston 12 is displaced 
axially rightwards so that the first closing valve 14 
closes, and the inlet of hydraulic fluid from the first 
port 13 is cut off. However, as the first fluid cham- 
ber A and second fluid chamber B are mutually 
connected by the orifice 15, hydraulic fluid which 
has flowed into the first fluid chamber A is dis- 
charged to the second fluid chamber B in propor- 
tion to the square root of (Pa - Pb) corresponding 
with the flow-rate sectional area of the orifice 15, 
and the fluid pressure Pa of the first fluid chamber 
A falls. Consequently, Formula (3) is once again 
formed, and the first closing valve 14 opens so that 
hydraulic fluid is again allowed to flow in from the 
first port 13 to the first fluid chamber A. 

The inlet quantity of hydraulic fluid to the first 
fluid chamber A and outlet quantity of hydraulic 
fluid from the first fluid chamber A are equalized by 
this opening/closing action of the first closing valve 
14, and flow is stabilized when the inequality of 
Formula (3) becomes an equality. Consquently, if 
the size of the urging force F of the electromagnet 
20 is adjusted and the right of Formula (3) (F - f - 
(Pi - Pb) x a) / (A - a) set at a certain value, then 
this value becomes the pressure differential (Pa - 
Pb) on the left of Formula (3), and a flow rate 
proportional to the square root of the differential 
pressure (Pa - Pb) flows from the first port 13 to 
the second port 16. 

When F = 0, i.e. when the electric current is 
off, the right of the Formula (3) becomes negative, 
and a state in which Pa = Pb and the flow rate is 0 
is maintained without the force to open the first 
closing valve 14 being generated. Namely, the flow 
control valve 10-1 in the first embodiment is of a 
normally closed type wherein the first closing valve 
14 is normally in a closed state when the current to 
the electromagnet 20 is off. 

When the valve is closed, there is no leakage 
of hydraulic fluid from the first port 13 and flow to 
the second port 16, as a poppet valve wherein the 



valve body 14B is pushed into the seat portion 14C 
so as to close the valve is used for the first closing 
valve 14. 

Next, differential pressure (Pa - Pb) increases 

5 when F is increased from F = 0, thus increasing 
the flow rate of hydraulic fluid flowing from the first 
port 13 to the second port 16. Accordingly, it is 
possible to continuously control the through flow- 
rate of hydraulic fluid in the first embodiment by 

10 adjusting the electric current applied to the elec- 
tromagnet 20. 

When differential pressure (Pa - Pb) reaches a 
set value, in accordance with the increase in the 
urging force F, the relief valve 33 opens. Hydraulic 

75 fluid which has entered from the first port 13 thus 
flows to the output opening 16 via the bypass 
conduit 31, and the flow rate of the flow control 
valve 10-1 temporarily increases. 

Of the parameters on the right of Formula (3), 

20 values f, A and a are fixed values determined at the 
design stage. However, Pb and Pi differ depending 
on the apparatuses connected to the first port 13 
and second port 16. Accordingly, the desired flow 
rate, i.e. the urging force F corresponding to the 

25 pressure differential Pa - Pb, is a function of the 
differential pressure between the first port 13 and 
second port 16. 

When, for example, fluid pressure Pi is fixed, 
the urging force F for obtaining the desired flow 

30 rate is determined by measuring fluid pressure Pb, 
and conversely, when fluid pressure Pb is fixed, 
the urging force F for obtaining the desired flow is 
determined by measuring fluid pressure Pi. 

Accordingly, fluid pressures Pb and Pi must be 

35 measured and the urging force F set in accordance 
therewith in order to obtain the desired flow rate in 
the flow control valve 10-1. 

Second Embodiment 

40 

The following is a description of a second 
embodiment of the present invention shown in Fig. 
2. 

The electromagnet 20 in the flow control valve 
45 10-2 shown in Fig. 2 is of a retracting type which 
generates an axial urging force rightwards against 
the piston 12 when on. 

Further, a spring 18 for maintaining the piston 
12 in its initial position is provided in the second 
so fluid chamber B in the second embodiment, and 
the piston 12 is urged leftwards in the direction of 
the axis by means of the spring 18. 

The conditions under which the closing valve 
14 opens in the second embodiment are therefore 
55 provided by the following Formula (4), which cor- 
responds to Formula (3) in the first embodiment: 

(Pa - Pb) < (-F + f - (Pi - Pb) x a) / A - a) (4) 
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When the urging force f of the spring 18 in the 
flow control valve 10*2 is set so as to exceed Pi x 
a, and the electromagnet 20 is off so that F = 0, 
Formula (4) is normally formed and the closing 
valve 14 is in an open state, so that not only does 
the fluid pressure Pa of the first fluid chamber A 
increase until Pa = Pi, but the fluid pressure Pb of 
the second fluid chamber B increases until Pb = 
Pa = Pi. The flow control valve 10-2 in the second 
embodiment is thus of a normally closed type 
wherein the closing valve 14 is normally open when 
the electromagnet 20 is off. 

When the electromagnet 20 is on and an urg- 
ing force F applied to the piston 12, the inlet rate to 
the first fluid chamber A and the outlet rate are 
equalized by the opening and closing of the closing 
valve 14, as in the first embodiment, and the flow 
rate is stabili2ed when the inequality of Formula (4) 
becomes an equality. In addition, the flow rate 
through the orifice 15 at this time is proportional to 
the square root of the differential pressure (Pa - 
Pb) of the first fluid chamber A and the second 
fluid chamber B. Consequently, if the urging force 
F of the electromagnet 20' is increased, differential 
pressure (Pa - Pb) accordingly falls, and the flow 
rate of hydraulic fluid flowing from the first port 13 
to the second port 16 is reduced. Thus the flow 
control valve 10-2 in the second embodiment, too, 
can continuously control the through flow-rate by 
adjusting the electric current applied to the elec- 
tromagnet 20. 

Furthermore, there is no leakage of hydraulic 
fluid from the first port 13 to the second port 16 
when the urging force F is set larger so that the 
closing valve 14 is in a closed state, as the first 
closing valve 14 is constructed so that the spheri- 
cal valve body 14B is pushed into the valve seat 
portion 14C. 

Further description is omitted as the construc- 
tion and action of the second embodiment is in all 
other respects identical to that of the first embodi- 
ment. 

Fig. 3 shows a highly typified example of a 
commonly known volume expansion type anti-lock 
system, wherein the flow control valve 10-2 in the 
second embodiment is used as a pressure valve, 
and the flow control valve 10-1 in the first embodi- 
ment is used as a discharge valve. 

In this anti-lock system, a freely slidable de- 
boost piston 42 is accommodated in a control 
chamber 41. There is thus a liquidtight partitioning 
of the control chamber 41 into a first portion 41 A 
and a second portion 41 B by the deboost piston 
42. 

An isolation valve 45 for connecting and isolat- 
ing the master cylinder 43 and wheel brake 44 is 
disposed in the first portion 41 B. The isolation 



valve 45 is opened and closed by a pushrod por- 
tion 42A disposed on the tip of the deboost piston 
42. 

An actuator 48 for storing high-pressure hy- 
5 draulic fluid emitted from the pump 47 is con- 
nected to the second portion 41 B via the pressure 
valve consisting of the normally open type flow 
control valve in the second embodiment. In addi- 
tion, a reducing valve consisting of the normally 
io closed type flow control valve 10-1 in the first 
embodiment is connected to the second portion 
41 B. 

The first port 13 in the flow control valve 10-2 
forming the pressure valve is connected to the 

15 accumulator 48, and the second port 16 therein is 
connected to the second portion 41 B. In addition, 
the first port 13 in the flow control valve 10-1 
forming the reducing valve is connected to the 
second portion 41 B, and the second port 16 therein 

20 is connected to the reserver 49. Hydraulic fluid 
from the reserver 49 is pressurized by the pump 
47 and sent to the accumulator 48. 

The anti-lock system has, in addition, an elec- 
tronic control device (not shown in the figure) for 

25 detecting signs of wheel lock. An electric current is 
applied to the electromagnets 20 in the respective 
flow control valves 10-1, 10-2 in accordance with 
commands from the electronic control device. 

In order to determine the urging forces of the 

30 electromagnets 20 corresponding to the desired 
flow rates in flow control valves 10-1 and 10-2 
described above, it is necessary to know the re- 
spective differential pressures of the fluid pressures 
Pi of the first ports 13 and the fluid pressures Pb of 

35 the second fluid chamber B and second port 16. In 
the case of the flow control valve 10-1 forming the 
pressure valve in the system shown in Fig. 3, 
however, fluid pressure Pi is a fixed pressure al- 
most equal to the fluid pressure of the accumulator 

40 48, as the first port 13 is connected to the accu- 
mulator 48, in which pressure is almost fixed. In 
addition, fluid pressure Pb in the flow control valve 
10-2 forming the reducing valve is normally almost 
0, as the second port 16 therein is connected to 

45 the reserver 49, in which pressure is practically 
zero. Accordingly, only fluid pressure Pb for the 
flow control valve 10-1 and fluid pressure Pi for the 
flow control valve 10-2 need be known in order to 
determine the urging forces F of the electromag- 

50 nets 20 for the desired flow rates in each of the 
flow control valves 10-1 and 10-2. 

Pressure at point C in the system shown in Fig. 
3 is therefore measured directly by a pressure 
sensor (not shown in the figure) which constitutes 

55 the differential pressure detecting means. The elec- 
tronic control device applies an electric current to 
the electromagnets 20 so that an urging force 
corresponding to the desired flow rate for each of 
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the flow control valves 10-1 and 10-2 is generated 
in accordance with Formulae (3) and (4), where the 
measured values are the fluid pressure Pb of the 
flow control valve 10-1 and the fluid pressure Pi of 
the flow control valve 10-2. 

The following is a description of the action of 
the anti-lock system shown in Fig. 3. 

Normally, the flow control valve 10-2 constitut- 
ing the pressure valve is open and the flow control 
valve 10-1 constituting the reducing valve is closed, 
so that the pressure of the accumulator 48 acts on 
the second portion 41 B of the control chamber 41 . 
The deboost piston 42 is therefore in an upward 
position in the figure and the isolation valve 45 is 
open, so that hydraulic fluid is supplied from the 
master cylinder 43 to the wheel brake 44 in accor- 
dance with the amount of pressure applied to the 
brake pedal 50. 

Under these normal circumstances, the high- 
pressure hydraulic fluid of the accumulator 48 and 
second portion 41b of the control chamber 41 acts 
on the flow control valve 10-1, which is in a closed 
state, but as the first closing valve 14 of the flow 
control valve 10-1 consists of a valve body 14B 
which is pushed into the valve seat portion 14C so 
as to close the valve, the fluid pressure of the 
wheel brake 44 is steadily increased by pressing 
the brake pedal 50 without any leakage of hydraulic 
fluid. 

When anti-lock control is effected, the flow 
control valve 10-2 constituting the pressure valve 
closes and the reducing valve 10-1 opens, so that 
the hydraulic fluid of the second portion 41 B of the 
control chamber 41 is discharged. When the sec- 
ond portion 41 B is decompressed, the deboost 
piston 42 moves downwards in the figure so that 
the isolation valve 45 closes. When the deboost 
piston 42 moves downwards, the volume of the first 
portion 41 A is increased, and thus the fluid pres- 
sure of the wheel brake 44 is reduced. 

At this point, the desired through flow-rate can 
be continuously controlled by adjusting the urging 
force F of the electromagnet 20, as the discharge 
valve is the flow control valve 10-1 in the first 
embodiment. Accordingly, it is possible to control 
the fluid pressure of the wheel brake 44 when anti- 
lock control is effected in the anti-lock system 
shown in Fig. 3 more smoothly than with the exam- 
ple where an on/off type electromagnetic switching 
valve is used for the discharge valve. 

It should be noted that in the system shown in 
Fig. 3, the fluid pressure of the second portion 41 B 
of the control chamber 41 can be found from the 
fluid pressure of the first portion 41 A and the 
amount of pressure on the brake pedal 51. A 
pressure sensor may thus be disposed at point D 
in the figure so as to indirectly measure the fluid 
pressure at point C corresponding to the fluid pres- 



sure Pb of the flow control valve 10-1 and the fluid 
pressure Pi of the flow control valve 10-2. In addi- 
tion, fluid pressure at point C may be estimated 
without the use of a pressure sensor from the 

5 occurrence of the signs of the wheels locking or 
the past performance of the flow control valves 10- 
1, 10-2 and the brake pedal. 

Fig. 4 shows a highly typified example in which 
the normally closed flow control valve 10-1 in the 

io first embodiment is used as the pressure valve of a 
brake booster, and the normally open flow control 
valve 10-2 in the second embodiment is used as a 
discharge valve. This kind of brake booster is dis- 
closed in Japanese Laid-Open Patent Application 

75 No. 2-73557 filed by the present applicant. 

A partition wall portion 51 A is provided on the 
right end portion, as shown in the figure, of the 
piston 51 slidably fitted in the master cylinder 43. 
The partition wall portion 51 A effects a liquidtight 

20 partitioning of the interior of the booster portion 52 
disposed continuous with the master cylinder 43 
into a first portion 52A and a second portion 52B. 
In addition, a passage 52B which connects the first 
portion 52A of the booster portion 52 with the 

25 master cylinder 43 when the piston 51 is in the 
initial position shown in the figure is provided in the 
piston 51. 

A fluid accumulating portion 54 for storing hy- 
draulic fluid is connected to the first portion 52A of 

30 the booster portion 52. The second port 16 of the 
normally closed flow control valve 10-1 forming the 
pressure valve and the first port 13 of the normally 
open flow control valve 10-2 forming the discharge 
valve are each connected to the second portion 

35 52B of the booster portion 52. 

The first port 13 of the flow control valve 10-1 
is connected to the accumulator 48. In addition, the 
second port 16 of the flow control valve 10-2 is 
connected to the reserver 49, and hydraulic fluid in 

40 the reserver 49 is conveyed to the accumulator 48 
by means of the pump 47. 

With the construction shown in Fig. 4, as in the 
example of an anti-lock system shown in Fig. 3, the 
hydraulic pressure Pi of the first port 13 of the 

45 normally closed flow control valve 10-1 forming the 
pressure valve is almost fixed, as the first port 13 
is connected to the accumulator 48. In addition, the 
fluid pressure Pb of the second port 16 of the 
normally closed flow control valve 10-2 forming the 

so reducing valve is almost fixed, as the second port 
13 is connected to the reserver 49. Thus with the 
construction shown in Fig. 4, pressure at point C in 
the figure is measured by a pressure sensor (not 
shown in the figure), and the urging force F of the 

55 electromagnets 20 is adjusted so as to obtain the 
desired flow rate for control valves 10-1, 10-2 in 
accordance with Formulae (3) and (4), where the 
measured values are the fluid pressure Pb of the 
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flow control valve 10-1 and the fluid pressure Pi of 
the flow control valve 10-2. 

The flow control valve 10-1 which forms the 
pressure valve in the construction shown in Fig. 4 
is normally closed, and the flow control valve 10-2 
which forms the reducing valve is normally open, 
so that the piston 51 moves leftwards in the figure 
in accordance with pressure on the brake pedal 50 
without fluid pressure acting on the second portion 
52B of the booster portion 52, and hydraulic fluid is 
supplied to the wheel brake 44. 

Normally, high pressure hydraulic fluid from 
the accumulator 48 acts on the flow control valve 
10-1 which forms the pressure valve, but there is 
no leakage of hydraulic fluid and no risk of dis- 
placement of the piston 51 in spite of the brake 
pedal 50 not being applied, as the first closing 
valve 14 of the flow control valve 10-1 is con- 
structed so that the valve body 14B is pushed into 
the seat portion 14C so as to close the valve. 

When boosting, however, the fluid control valve 
10-1 which forms the pressure valve opens and the 
flow control valve 10-2 which constitutes the reduc- 
ing valve closes. High-pressure hydraulic fluid from 
the accumulator 48 is thus supplied to the second 
portion 52B of the booster portion 52, applying 
pressure, and the piston 51 is displaced to the left 
regardless of pressure on the brake pedal 50, thus 
applying pressure to the foil cylinder 43. 

Pressurization of the foil cylinder 43 at this 
time can thus be effected more smoothly than in 
the example in which the pressure valve is an 
on/off type electromagnetic valve, as the flow con- 
trol valve 10-1 which forms the pressure valve can 
continuously control the through flow-rate by ad- 
justing the urging force F of the electromagnet 20. 

When boosting is over, the flow control valve 
10-1 which constitutes the pressure valve closes 
and the flow control valve 10-2 constituting the 
reducing valve opens, so that the hydraulic fluid of 
the second portion 52B of the booster 52 is dis- 
charged to the reserver 49. At this time, decom- 
pression of the second portion 52B can be effected 
smoothly as the flow control valve 10-2 can con- 
tinuously control the flow rate by adjusting the 
urging force F of the electromagnet 20, as when 
boosting. 

Third Embodiment 

The following is a description of a third em- 
bodiment of the present invention. 

The flow control valve 10-3 in the third embodi- 
ment shown in Fig. 5 is a dual-effect type flow 
control valve which combines the flow control 
valves 10-1, 10-2 in the first and second embodi- 
ments. The flow control valve 10-3 is constructed 
basically the same as the flow control valve 10-1 



shown in Fig. 1 A third port 17 connected to the 
first liquid chamber A and disposed in the housing 
1 1 constitutes the discharge opening, and the pis- 
ton 12 is used for the second closing valve com- 

5 prising a spool valve for opening and closing the 
third port 17. 

Namely, the first closing valve 14 is closed 
when the piston 12 is in the initial position shown in 
Fig. 5, while the third port 17 is open, thus con- 

io necting the third port 17 to the first liquid chamber 
A. In addition, when the piston 12 moves the first 
distance L1 leftwards in the figure, the third port 17 
is closed, and the connection to the first fluid 
chamber A cut off, and when the piston 12 moves 

75 the second distance L2 leftwards in the figure, the 
closing valve 14 opens and the first port 13 is 
connected to the first fluid chamber A. 

Further, a second bypass passage 32 is pro- 
vided parallel to a bypass passage 31 with a relief 

20 valve 33 in the third embodiment. The relief valve 
34 disposed in the bypass passage 32 opens when 
the fluid pressure Pb of the second fluid chamber 
B exceeds the fluid pressure Pa of the first fluid 
chamber A by a set value. 

25 In the case of the flow control valve 10-3 in the 

third embodiment, the first closing valve 14 is 
closed when F < f. Thus as in the aforementioned 
Japanese Laid-Open Patent Application No. 3- 
90462, when: 

30 

(Pb - Pa) < (f - F) / A (5) 

the third port 17 is connected to the first fluid 
chamber A and fluid pressure Pa fails, and when 

35 Formula (5) is no longer formed, the connection 
between the two is cut off. By such means, a rate 
of flow almost proportional to the square root of the 
differential pressure (Pb - Pa) flows through the 
fixed orifice 15 from the second fluid chamber B 

40 towards the first fluid chamber A, and an equilib- 
rium is established in which the inequality of For- 
mula (5) becomes an equality. It is thus possible in 
the third embodiment to control the flow rate (dis- 
charge flow-rate) of hydraulic fluid flowing from the 

45 second port 16 to the third port 17 when the first 
closing valve 14 is closed, regardless of the fluid 
pressure of the second port 16 and third port 17, 
and obtain a pressure compensation effect, by con- 
structing so that the third port 17 and the first fluid 

so chamber A are connected and isolated by means 
of the axial displacement of the piston 12, and 
changing the urging force F. 

When the urging force F is increased, the 
piston 12 is further displaced leftwards in the figure 

55 from the first distance L1 from the initial position in 
the figure in the interval between F > f and F > f + 
(Pi - Pb) x a, so that the first closing valve 14 
closes and the piston 12 closes the third port 17. 
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With the flow control valve 10-3 in the third 
embodiment, there is no leakage of hydraulic fluid 
from the first port 13 to the second port 16 and 
third port 17 when the first closing valve 14 is 
closed, as the first closing valve 14 comprises a 
spherical valve body 14B pressed into the valve 
seat portion 14C so as to close the valve, as in the 
first and second embodiments. 

When the urging force F is further increased 
and F > f + (Pi - Pb) X a, the third port 17 is 
maintained in a closed state, while the first closing 
valve 14 opens and closes in accordance with 
Formula (3) so that hydraulic fluid with a flow rate 
corresponding to the urging force F flows from the 
first port 13 to the second port 16, as in the first 
embodiment. It is thus possible to continuously 
control the flow rate by adjusting the urging force 
F. 

The flow control valve 10-3 in the third embodi- 
ment may be substituted for the flow control valves 
10-1, 10-2 in the brake booster shown in Fig. 4. In 
this case, the first port 1 of the flow control valve 
10-3 is connected to the accumulator, the second 
port 16 is connected to the second portion 52B of 
the booster portion 52, and the third port is con- 
nected to the reserver 49. 

The flow control valve 10-4 shown in Fig. 6 is a 
modification of the flow control valve 10-3 in the 
third embodiment. In flow control valve 10-4, a 
groove 11 A for the insertion of the seal material is 
provided on the side of the first fluid chamber A of 
the housing 11, and an elastic ring material 26 for 
preventing leakage is accommodated in the groove 
11A. 

With the flow control valve 10-3 shown in Fig. 
6, there is the possibility of leakage of hydraulic 
fluid from the sliding surface X of the piston be- 
tween the closing of the third port 17 and the 
opening of the first closing valve 14, as the second 
closing valve which opens and closes the third port 
17 is formed from the third port 17 and the circum- 
ferential surface of the piston 12. 

However, with the flow control valve 10-4 
shown in Fig. 6, the third port 17 is isolated from 
the first fluid chamber A as the periphery of the 
piston 12 adheres closely to the ring material 26 
when the piston 12 moves axially leftwards from 
the initial position shown in the figure. The leakage 
of hydraulic fluid from the third port 17 when both 
the third port 17 and the first closing valve 14 are 
closed is thus so restricted that it may be prac- 
tically ignored with regard to the flow rate through 
the orifice 15. 

The elastic ring material is described in Japan 
Laid-Open Patent Application Nos. 2-31198 and 2- 
29828 filed by the present applicant. 



Fourth Embodiment 

The following is a description of a fourth em- 
bodiment of the present invention shown in Fig. 7. 

5 A first port 13 connected to the first fluid cham- 

ber A, a second port 16 connected to the second 
fluid chamber B, and a third port 17 connected to 
the periphery of the piston 55 are provided in the 
housing 1 1 housing a freely sliding piston 55 in the 

70 flow control valve 10-5 in the fourth embodiment of 
the present invention shown in Fig. 7. 

A cylindrical fluid chamber 55A is provided 
hollowed in the end portion of the piston 55 on the 
left in the figure, and a surface passage 55B is 

75 provided on the peripheral surface of the piston 55. 
The surface passage 55B is connected to the fluid 
chamber 55A via the passage 55C. 

In addition, the valve body 57 of the first clos- 
ing valve 56 for opening and closing the first port 

20 13 is disposed so as to be freely slidable in the 
fluid chamber 55A. The valve body 57 comprises a 
main body 57a which slides axially in the fluid 
chamber 55A, and a protruding portion 57b pro- 
truding from the main body 57a, and is fitted with a 

25 spherical body on the tip for closing the first port 
13. A spring 58 is provided in a contracted state 
between the main body 57a and the end portion of 
the fluid chamber 55A so as to elastically urge the 
valve body 57 axially leftwards in the figure. A 

30 catching portion 55A for resisting the urging force 
of the spring 58 and catching the valve body 57 is 
disposed protruding radially from the portion of the 
piston 55 in which the fluid chamber A is formed. A 
through hole 57d is provided in the main body 57a 

35 of the valve body 57, and the surface passage 55B 
is normally connected to the first port 13 via the 
passage 55C, fluid chamber 55A and through hole 
57d. 

The surface passage 55B is connected to and 
40 isolated from the third port 17 by the axial dis- 
placement of the piston 55, and the piston 55 
functions as the second closing valve for connect- 
ing and isolating the third port 13 and first fluid 
chamber A. 

45 A conduit 59 connecting from the first fluid 

chamber A to the second fluid chamber B is pro- 
vided in the housing 11, and a variable orifice 60 is 
provided in the conduit 59. The variable orifice 60 
comprises a moving element disposed so as to be 

so freely slidable in the fluid chamber disposed in the 
conduit 59, a spring 62 for elastically urging the 
moving element 61 rightwards in the figure, and an 
electromagnet 63 for urging leftwards in the figure 
against the moving element 61. It is possible to 

55 change the position of the moving element 61 of 
the variable orifice 60 by adjusting the electric 
current to the electromagnet 63, and thus change 
the sectional area (flow-rate sectional area) of the 
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part indicated by S in the figure. 

An electromagnet 20 for inserting a piston drive 
element 55E as in the first through fourth embodi- 
ments is provided in the end portion on the right 
side in the figure of the piston 55. 

The flow control valve 10-5 in the fourth em- 
bodiment differs from the first through third em- 
bodiments in that the first port 13 is used for the 
discharge opening, the third port 16 is used for the 
input opening, and the second port 17 is used for 
the output opening. 

When the electromagnet 20 is not on and F = 
0, the valve body 57 of the first closing valve 56 is 
pressured into the valve seat portion 56a by the 
urging force of the spring 58, and so the first 
closing valve 56 is in a closed state. The third port 
17 is connected to the first fluid chamber A via the 
surface passage 55B, but when: 

Pa - Pb > f / A (6) 

then the piston 12 moves axially rightwards in the 
figure, and the connection between the two is cut 
off. At this point, hydraulic fluid with a flow rate 
corresponding to differential pressure (Pa - Pb) 
flows from the first fluid chamber A towards the 
second fluid chamber B so that the pressure of the 
first fluid chamber A falls, and Formula (6) is again 
formed. Differential pressure on either side of the 
variable orifice 60 reaches an equilibrium at a state 
in which Formula (6) has become an equality due 
to the opening and closing of the third port 17 by 
the piston 12. Consequently, the flow control valve 
10-5 in the third embodiment functions as a pres- 
sure compensation valve in which the third port 17 
is on the high-pressure side and the second port 
16 is on the high-pressure side when F = 0. In 
addition, the flow rate at this time can be continu- 
ously controlled by changing the flow-rate sectional 
area S of the variable orifice 60. 

When the urging force F of the electromagnet 
20 is set in proportion to the urging force f of the 
spring 18, the first closing valve 14 is closed, and 
the third port 17 is closed by the circumferential 
surface of the piston 55. 

If the urging force F of the electromagnet 20 is 
made larger than the urging force f of the spring 
18, then the piston 12 moves axially rightwards in 
the figure, and the third port 13 is in a state 
isolated from the first fluid chamber A. Further- 
more, the valve body 57 is caught by the catching 
portion 55B and moves rightwards in the figure due 
to the movement to the right of the piston 55, and 
the first closing valve 14 opens. 

Pb - Pa < F - f (Pb - Pi) / (A - a) (7) 

is a condition for the opening of the first closing 



valve 14, as in the first through third embodiments. 
When Formula (7) is formed, hydraulic fluid flows 
from the second port 16 to the first port 13 through 
the variable orifice 60 so when the fluid pressure 
5 Pa of the first fluid chamber A falls, the first closing 
valve is isolated. When the fluid pressure of the 
first fluid chamber A rises, Formula (7) is again 
formed, and the first closing valve 14 opens and 
closes. 

w The flow rate of hydraulic fluid flowing from the 

second port 16 to the first port 13 stabilizes when 
the inequality of Formula (7) becomes an equality 
due to the opening and closing action of the first 
closing valve 14. Thus in the flow control valve in 

15 the fourth embodiment, too, it is possible to set the 
flow rate from the second port 16 to the first port 
13 to the desired flow rate by adjusting the urging 
force F of the electromagnet 20 if the fluid pres- 
sures Pb and Pi are known, as with the flow control 

20 valves in the first through third embodiments. 

In addition, it is possible in the present em- 
bodiment to adjust the flow rate of hydraulic fluid 
by changing the flow-rate sectional area S of the 
variable orifice 60, while leaving the urging force F 

25 of the electromagnet 20 fixed as it is, due to the 
provision of a variable orifice 60 as described 
above. 

The flow control valve 10-5 in the fourth em- 
bodiment may be substituted for flow control valves 

30 10-1, 10-2 in the anti-lock brake system shown in 
Fig. 3. In this case, the first port 13 of the flow 
control valve 10-5 is connected to the reserver 49, 
the second port 16 is connected to the accumulator 
48, and the third port 17 is connected to the 

35 second portion 41 B of the control chamber 41 . 

Other Modifications 

It should be noted that the present invention is 

40 not limited to the above embodiments, and that 
various modification are possible. 

Furthermore, decisions such as whether to use 
a normally closed valve or a normally open valve, 
whether to make the first port the input port or the 

45 discharge opening, whether or not to provide a 
third port, whether or not to make the urging force 
against the piston variable, whether or not to make 
the flow-rate sectional area of the orifice variable, 
whether or not to provide a bypass channel and 

so relief valve, and whether to combine any of the 
above, may be freely made in accordance with the 
use of the device using the flow control valve, the 
properties of the hydraulic fluid, the limits of the 
flow rate to be continuously controlled, and other 

55 factors. 

Moreover, although the urging force against the 
piston and flow-rate sectional area of the orifice in 
the above embodiments are not controlled in steps, 
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control thereof may be effected with multiple step 
changes, such as two-step and three-step changes. 

EFFECT OF THE INVENTION 

As is clear from the aforegoing description, the 
flow control valve according to the present inven- 
tion comprises a piston urged by an urging means 
and slidably housed in a housing with at least a 
first port and a second port, wherein first and 
second fluid chambers are formed in each end 
portion of the piston, the second chamber is con- 
nected to the second port, and a first closing valve 
with a valve seat portion opened opposite the end 
portion of the piston in the first fluid chamber and a 
valve body which is seated in and separates from 
the valve seat portion in accordance with the axial 
displacement of the piston is disposed between the 
first port and first fluid chamber. In addition, an 
orifice is provided in the conduit connecting the 
first fluid chamber and the second fluid chamber. 
The flow control valve according to the present 
invention thus makes it possible to simultaneously 
prevent the leakage of hydraulic fluid when the first 
closing valve is closed, and continuously control 
the flow rate of hydraulic fluid by adjusting the 
urging force of the urging means against the pis- 
ton, using a simple, low-cost design. The flow 
control valve according to the present invention is 
consequently of immense practical value in sys- 
tems in which it is necessary to measure load fluid 
pressure (at least one of the output fluid pressure 
or the input fluid pressure of the hydraulic control 
system, due to the construction of the system) in 
order to obtain the desired flow rate, and is of 
particular value to systems in which the measure- 
ment of load fluid pressure is indispensable due to 
system control requirements. 

Claims 

1. A flow control valve comprising: a housing 
provided with at least a first port and a second 
port; an axially slidable piston housed in said 
housing; a first fluid chamber formed between 
one end portion of the piston and the housing; 
a second fluid chamber formed between the 
other end portion of the piston and the hous- 
ing, and connected to the second port; a con- 
duit connecting said first fluid chamber and 
second fluid chamber; an orifice disposed in 
said conduit; urging means for urging the pis- 
ton in an axial direction; and a first closing 
valve disposed between said first port and first 
fluid chamber, with a valve seat portion opened 
opposite the end portion of said piston in the 
first fluid chamber and a valve body which is 
seated in and separates from said valve seat 



portion in accordance with the axial displace- 
ment of the piston, for connecting and isolating 
the first port and first fluid chamber, whereas 
hydraulic force acting on said piston due to the 
5 differential pressure between the first fluid 

chamber and second fluid chamber generated 
by the flow rate through the orifice acts in a 
direction so as to seat the valve body of said 
first closing valve in the seat portion. 

10 

2. A flow control valve according to claim 1, 
wherein said first closing valve is a poppet 
valve comprising a spherical valve body and a 
seating spring for elastically urging in a direc- 

75 tion such that said valve body is seated in said 

valve seat portion. 

3. A flow control valve according to claim 1 or 
claim 2, wherein a third port is provided in said 

20 housing, and a second closing valve which 

opens and closes in accordance with the axial 
displacement of said piston when said first 
closing valve is closed is provided for connect- 
ing and isolating the third port and first fluid 

25 chamber. 

4. A flow control valve according to claims 1 
through 3, wherein a bypass conduit connect- 
ing said first fluid chamber and second fluid 

30 chamber is arranged parallel to said conduit, 

and a relief valve which opens when the dif- 
ferential pressure between said first fluid 
chamber and second fluid chamber exceeds a 
set valve is disposed in said bypass conduit. 

35 

5. A flow control valve according to claims 1 
through 4, wherein the urging force of said 
urging means against the piston is adjustable. 

40 6. A flow control valve according to claims 1 
through 5, wherein the flow-rate sectional area 
of said orifice is adjustable. 

7. A control method for a flow control valve com- 
45 prising the steps of: providing a flow control 

valve comprising a housing provided with at 
least a first port and a second port, a piston 
housed in said housing so as to be axially 
slidable, a first fluid chamber formed between 
50 one end portion of the piston and the housing, 

a second fluid chamber connected to said sec- 
ond port formed between the other end portion 
of the piston and the housing, a conduit con- 
necting said first fluid chamber and second 
55 fluid chamber, an orifice provided in said con- 

duit, urging means for axially urging the piston, 
and a first closing valve disposed between said 
first port and first fluid chamber, with a valve 
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seat portion opened opposite one end portion 
of said piston in the first fluid chamber and a 
valve body which is seated in and separated 
from said valve seat portion in accordance with 
the axial displacement of the piston, for con- 5 
necting and isolating the first port and first fluid 
chamber, wherein hydraulic force acting on 
said piston due to differential pressure be- 
tween the first fluid chamber and second fluid 
chamber generated by the flow rate through 10 
said orifice acts in a direction so as to seat the 
valve body of said first closing valve in seat 
portion; providing differential pressure detect- 
ing means for detecting differential pressure 
between said first fluid chamber and second is 
fluid chamber; and controlling at least one of 
either the urging force of said urging means 
against the piston or the flow-rate sectional 
area of the orifice in accordance with a con- 
trolled variable found as a function of the dif- 20 
ferential pressure detected by the differential 
pressure detecting means and the desired flow 
rate. 
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